ABSTRACT. Corn grits are used for various purposes such as flakes, snacks, livestock feed, hominy, extruded products, beer, etc. The grit size proportion varies according to the hybrid, and thus, once the use of the grits is linked to the particle size, determining the genetic effects is essential to develop hybrids for any specific use. For this purpose a complete diallel series of crosses, involving eight parents, was performed near Maringá, PR, Brazil. The objective of this study was to evaluate the general (GCA) and specific (SCA) combining abilities of 28 progeny for selection of hybrids for breeding programs and extraction of inbred lines for hybrid development. The response variables, such as plant height, ear insertion height, crop stand, grain yield, and grits, small grits and bran production, were gauged and appraised for each of the 28 progeny. The trait effects and GCA were significant for all response variables, while for SCA, only grain yield and crop stand showed significance (P < 0.05), according to Griffing (1955) analysis. A significant weak negative 6549 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 13 (3): 6548-6556 (2014) Diallel analysis of corn gritting ability partial correlation was found between grain yield and grits conversion. In relation to the hybrid selection for breeding programs, the parent IAC Nelore was highly recommended for recurrent selection and the hybrids IPR 119 x HT 392 and IAC Nelore x HD 332 for the extraction of pure lines for hybrid development.
INTRODUCTION
Corn grits is the name for hulled corn kernels, fully or partially degerminated (Castro et al., 2009) . They are commonly used in the preparation of typical desserts, livestock feed, snacks, corn flakes, beer, extruded foods, and general foods. However the particle size is defined according to their purpose.
Occasionally, corn grits are misclassified as a special kind of corn, such as white corn, sweet corn and popcorn. The right classification is according to the special use of corn, such as silage, corn for oil extraction or food for fresh consumption.
Despite the importance of obtaining cultivars with high germination and vigor, there have been few studies on the genetic effects of the predominant characteristics associated with seed quality in hominy corn. Accordingly, the study of combining ability can provide valuable information, since it allows the selection of the most promising traits for obtaining parental hybrids with higher quality of seeds on the basis of their general (GCA) and specific (SCA) combining abilities and reciprocal effect (Griffing, 1955) . Moterle et al. (2012) studied combining ability for seed quality in nine popcorn strains in a complete diallel without reciprocals, and observed that the estimates of GCA and SCA were significant for germination, first count, accelerated aging, modified cold, electrical conductivity, seedling emergence in sand, speed of emergence, and emergence rate. Cabral et al. (2013) , in studying the genetic effects of seed quality in diallel in popcorn, found that there was genetic variability for seed quality between strains, where there was a non-additive genetic effect for predominant seed quality, and that there was a prononuced reciprocal effect for seed quality in popcorn, necessitating early indication of male and female parents in crosses.
A great number of studies about corn combining ability have been carried out. Recently, diallel analyses have been used to select parents for local breeding programs (Paini et al., 1996; Pfann et al., 2009) or even to infer about heredity and reciprocal effect (Ünay et al., 2004) . Studies to evaluate SCA in corn have reported significant differences between traits, besides a predominance of non-additive effects for corn yield Scapim et al., 2002) .
Concerning the special uses of corn, several studies have been conducted. Rodrigues et al. (2009) , from a complete diallel with eight lines, indicated corn hybrids for fresh consumption and concluded that the characteristic color is controlled mainly by additive effects, while the length and cob diameter are more often controlled by non-additive genetic effects, also reaffirming the importance of heterosis in grain yield.
A diallel analysis performed to determine the behavior of the oil content in ten maize populations and their respective hybrids was conducted by Mittelmann et al. (2006) . As a T.V. Conrado et al. result, heterosis was observed with dominance in the direction of reducing the existing levels, and from this finding, recurrent selection was recommended to promote the accumulation of genes with additive effect.
To analyze the genetic mechanisms of corn for use as silage, Gomes et al. (2000) conducted a diallel with six parents and their hybrids to determine the in situ dry matter digestibility (ISDMD) and noted the predominance of additive effects, thereby recommending the use of parents with high GCA for ISDMD, which increases heterosis for grain yield.
This study aimed to evaluate the GCA and SCA of 28 progeny for selection of hybrids indicated in breeding and extraction of inbred lines for hybrid development programs.
MATERIAL AND METHODS
This study was conducted at the Iguatemi Experimental Farm, afforded by Universidade Estadual de Maringá, in the district of Maringá, Paraná State, Brazil. The growing area lies 510 meters above sea level, has a sprinkler irrigation system and a high fertility and chemically balanced soil, and can handle two annual crops. The soil is classified as eutrophic red-yellow argisol. The more superficial layer is known as Caiuá sandstone followed by basalt rocks at about 30 feet deep.
Among the eight hybrid parents, three were white flint commercial types: IPR 119, double-cross hybrid; IPR 127, single-cross hybrid; and IAC Nelore, an intervarietal hybrid. The last five parents were experimental hybrids: the double-cross yellow flint hybrid HD 332 and the three-way yellow dent hybrids HT 932, HT 9332, HT 5392, and HT 392.
The parents were sown promoting the 28 possible pairwise combinations on May 5, 2009. The planting rows were spaced at 0.9 m apart, with 10 m in length for each parent, with 55 seeds per row. Fertilizer with a 04-14-08 formulation was applied at 330 kg/ha. Irrigation was performed whenever necessary. Ammonium sulfate was applied as nitrogen source, 30 days after emergence. The management of pests and weeds was carried out continuously in order to ensure good seed production. The harvest of grain was held putting both reciprocals together on August 5, 2009.
The 28 hybrids were conducted in randomized complete block design with three replications. The plot was two rows of 15 feet, spaced at 0.9 m, with a density of 5.5 plants per meter. The seeds were sown on October 22, 2009; at stage 6, the plant height and ear insertion measurement was performed, together with the plant count per plot. The gathering process was started at on March 22, 2010, collecting a full repetition per day. Each harvested cross was mechanically threshed and had its mass and humidity measured and corrected on the same date of grits processing. A sample of 10 kg from each plot was processed in the drum type gritting processor for 5 min. The mass was processed separately using Tyler 5 and Tyler 14 sieves, with openings of 4 and 1.18 mm, respectively. The hybrid conversion capabilities were defined by three fractions: grits, small grits and bran. The mass of each fraction was corrected for base moisture of 13%. Data were subjected to analysis of normality, homoscedasticity and additive presumption, using the following tests: Shapiro and Wilk, Brown and Forsythe and Tukey, also including histogram analysis and data scatter plot to validate their tests. Afterwards, analysis of variance, analysis of Pearson's correlations devoid of the effect of stand harvest, the Fisher least significant difference test ranked by Fasoulas (1983) were carried out, followed by diallel analysis according to Griffing (1955) , using a fixed model in method 1 to obtain GCA and SCA.
RESULTS AND DISCUSSION
The datasets for the seven observed response variables showed a distribution that did not differ significantly from a normal distribution, and they all exhibited homoscedasticity of variances and model additivity. The analysis of variance inferred all variables as significant at the 0.05 level.
The experimental data allowed the formation of a large number of groups, from the result of the LSD test, described in Table 1 . For the variable height of plant, the hybrids IPR 119 x IPR 127, IPR 119 x HT 5392, HD 332 x HT 9332, HT 9332 x HT 5392, and HT 9332 x IPR 119 did not differ significantly from each other, and the first four were superior to 11 materials; IPR 119 x HT 332, in turn, was significantly better than thirteen materials when considering the shorter plants as being desired. Means with the same superscript letters do not differ significantly with α = 0.05 and the percentage indicates the amount of materials significantly outnumbered. Regarding ear insertion height, the IAC Nelore x HD 332 differed from 22 hybrids, while the HT 9332 x HT 5392 differed significantly from another 14 materials, showing the lowest ear insertion height. It should be noted that a lower center of gravity is preferable, and therefore, the hybrids with lower ear insertion height were defined as superior.
On the subject of the response variable crop stand, the HT 9332 x HT 392 was highlighted with superior average over 75% of hybrids, according to the method of Fasoulas (1983) . In contrast, IPR 119 x HT 5392 did not significantly exceed any other hybrid. Concerning productivity, two crosses involving the parent IAC Nelore, surpassed the average yield of 71% of hybrids: IAC Nelore x HD 332 and IAC Nelore x HT 9332. It is interesting to note that the former showed a higher or not significantly different average when compared to all other materials in all four of the agronomic characteristics evaluated (P > 0.05). Similar behavior was exhibited by hybrids IAC Nelore x 9332 HD, IAC Nelore x HD 932 and Nelore IAC x HD 392.
However, this behavior is not the most desirable, since it is expected that modern hybrids are smaller and have a lower ear height, like HT 5392 x HT 392 and HT 9332 x HT 392. These hybrids were significantly smaller and had a lower ear insertion height compared to IAC Nelore x HD 332, IAC Nelore x HD 9332, IAC Nelore x HD 932 and IAC Nelore x HD 392, but they showed stand and productivity that were not significantly different, with α = 0.05. For HT 9332 x HT 392, was not significantly different from that of genotypes with greater conversion of grain into grits, as shown in Hybrid means with the same superscript letters do not differ significantly with α = 0.05 and the percentage indicates often the hybrid was featured as superior. Table 2 gives the results of the LSD test for the response variables of industrial interest. Selecting hybrids with higher capacity of gritting conversion is a valid assumption only for certain purposes such as the production of cereals or marketing as hominy; other purposes such as production of oil or beer, hybrids with larger small grits fraction, in most cases, are more interesting.
This assumption is validated by the pricing of those products, since typically the three products (grits, small grits and bran) have similar market values, guided by corn grain value. The partial correlations presented in Table 3 suggest a small and significant (P < 0.05) negative correlation between productivity and grits processing. The correlations between productivity and production of small corn grits and bran showed lower positive values. These data suggest a relationship between higher yield with soft endosperm and mealy grains with greater floury ability, fostering the production of oil and small grits for products that require lower starch particles, such as in brewing and extruding products from corn starch. The first line show the correlation between variables and the values inside parenthesis are the probability for significance using the t-test. Table 3 . Partial correlations between industrial and agronomic characteristics, removing the crop stand effect. Table 4 exhibits a summary of GCA and SCA and reciprocal effect for each response variable derived from diallel analysis. All response variables showed highly significant treatment effects in GCA; however, with respect to SCA, only the variables yield and crop stand showed significance (P < 0.05).
Response variable
General combining ability Specific combining ability Table 4 . Summary of specific combining ability and general combining ability for each response variable.
When quadratic components of specific and general combining ability, as seen in Table 5 , there is a predominance of additive effects for all industrial characteristics as well as plant height and ear insertion height, emphasizing that the plant height showed the highest ratio among the calculated estimates. Concerning yield and harvest stand, both characteristics exhibited a larger non-additive estimate. Table 5 . Quadratic components of specific and general combining ability.
These results suggest that the best strategy to secure a productive material is hybridization using parents with high SCA for yield and crop stand and high genotypic values in each parent for the desired industrial characteristics, such as high conversion capability of grains to grits. A similar view as recommended for industrial characteristics should be adopted for plant height and ear insertion height.
Regarding GCA, the parent IAC Nelore was highlighted by its favorable deviation from the other seven parents. IAC Nelore showed superior productivity, according to Table 6 , but lower conversion of grain into grits. However, in Table 7 , this parent shows a great aptitude for bran production. Thus this hybrid is recommended for breeding using recurrent selection for general combining ability with the parent HT 9332 as a tester. This tester is interesting because it has a reasonable yield and high conversion of grain into grits. However it is expected that individuals from this cross have good yield and satisfactory production of grits and bran. However, if you want materials with high yield and with high conversion of grain into small grits or bran, the hybrid HT 5392 x HT 392 is the most recommended to line extraction. Table 7 . General combining ability for industrial characteristics.
However, if the intention is extract lines with high grain yield, good crop stand, according to Table 8 , the recommended hybrids are IAC Nelore x HT 932, expecting to extract lines with higher yield and good grits conversion. If it is desired line with higher grain production with high grits production, the hybrid IPR 127 x HD 332 is a good suggestion. However if the intention is a higher oil production or a great small grits conversion the hybrid IPR 119 x IAC Nelore is the better choice. In the upper diagonal the first line value is plant height and in parenthesis the ear height. In the lower diagonal inside parenthesis are the crop stand and outside the grain yield values. All the seven response variables were evaluated as significant for the hybrid trait effect (P < 0.05). The Griffing analyses indicated only the response variables grain yield and crop stand as significant for specific combining ability at the predetermined level, however all the seven response variables present a significant general combining ability. The partial correlation analyses shown have significant low intensity negative correlation between grits production and grain yield. Concerning to breeding programs, the hybrids IPR 119 x HT 392 and IAC Nelore x HD 332 are recommended to pure line extraction and for a recurrent selection program the parent IAC Nelore should be to the point.
